Detailed postmortem examinations were conducted on 3 0 cattle from a dairy herd with bovine tuberculosis to determine the distribution of lesions in Mycobacterium bovid-infected cattle. Twenty-four different tissue specimens from each animal were examined for gross lesions and collected for bacteriologic culturing and histologic examination. Tuberculosis was confirmed in 1 5 cattle with evidence of infection in 1 or more of the following tissues: medial retropharyngeal, parotid, tracheobronchial, mediastinal, caudal deep cervical, and subiliac lymph nodes; palatine tonsil; and lung. Gross and histologic lesions were present most frequently in lymph nodes of the thoracic region. Mycobacterium bovis was isolated from 3 cattle that had no gross lesions of tuberculosis. One animal had lesions only in the subiliac lymph node, which is not routinely examined during slaughter surveillance. Results of this study indicate that not all cattle infected with M. bovis have visible lesions of tuberculosis in sites that are routinely inspected. These findings are important because detection of gross lesions of tuberculosis during inspection of carcasses at slaughter is the primary method for detection of tuberculous cattle and herds in the United S tates.
B ovine tuberculosis, which is caused by Mycobacmine the distribution of sites with visible lesions of terium bovis, has nearly been eradicated from the Unittuberculosis and to estimate the proportion of M. boved S tates, where the prevalence of infection is <0.02 %. 2 is-infected cattle that do not have visible lesions. Programs for eradication of bovine tuberculosis were initiated in 1 91 7, when the prevalence of infection was Materials and methods about 5%. 1 In the early phases of the program, all cattle in a specified area were tested by using intradermal Thirty cattle from a dairy herd with bovine tuberculosis were used for this study. B ovine tuberculosis was confirmed tuberculin skin tests, and cattle with positive test reby isolation of M. bovis from tissue specimens collected at sults were slaug htered. In 1 965, the prog ram was slaughter from a cow originating from this herd. 1 1 All cattle changed from skin testing all cattle to using slaughter were tested using the caudal fold skin test (CFT), which was surveillance as the primary screening tool to detect conducted by intradermal injection of 0.1 ml of US DA botuberculous cattle. 1 S uspected tuberculous lesions de-vine purified protein derivative (PPD) (1 mg protein/ml) into tected by inspectors when cattle are slaughtered are the caudal fold. Approximately 72 hr later, the injection site collected and submitted to the laboratory for histologic was examined visually and by palpation. Test results were and bacteriologic examination. If tuberculosis is con-considered positive if any signs of swelling were detected. firmed by observation of acid-fast organisms in mi-Twenty-nine of the cattle were tested using a commercial croscopic lesions consistent with tuberculosis or by isolation of M. bovis, an epidemiologic investigation interpreted as instructed by the manufacturer. a,1 1 Approximately 1 0 ml of blood was collected into evacuated tubes is initiated, which includes skin testing the herd of containing heparin at the same time that PPD for the CFT origin and other herds that may have been exposed. was administered. Blood was shipped to the laboratory so The bovine tuberculosis eradication program contin-that the assay could be initiated within 1 6 hr of sample ues to depend on slaughter surveillance as the most collection. One milliliter of blood from each sample was economically efficient method of detecting cattle in-dispensed into each of 3 tubes. Nothing was added to tube fected with M. bovis. 1 so it could serve as the negative sample control. Bovine Detection of tuberculosis by slaughter surveillance PPD was added to tube 2 , and M. avium PPD was added to requires that infected cattle have visible lesions at in-tube 3 . After overnight incubation at 3 7 C, plasma was respected sites. The purpose of this study was to determunosorbent assay. Results were interpreted by first subtracting the OD value of tube 1 from the OD value of tube 2 . If this value was ‡0.1 , then the ratio of the OD of tube 2 /OD of tube 3 was determined. Results were considered From the Zoonotic Diseases Research Unit, USDA, Agricultural positive if this ratio was ‡ 1 .8. Results were considered neg-Research S ervice, National Animal Disease Center, Ames, IA 5001 0. ative if either the OD of tube 2 minus OD of tube 1 was Received for publication August 2 , 1 995. <0.1 or if the ratio of OD tube 2 /OD of tube 3 was < 1 .8.
All cattle were slaughtered, and detailed postmortem examinations were conducted. The following lymph nodes were collected from each animal: parotid; mandibular; lateral and medial retropharyngeal; superficial cervical; cranial, middle, and caudal deep cervical; tracheobronchial; cranial, middle, and caudal mediastinal; hepatic; mesenteric; deep popliteal; subiliac; medial iliac; and supramammary. B oth left and right lymph nodes were collected when they were present bilaterally. In addition, samples of liver, spleen, lung, kidney, palatine tonsil, and mammary gland were collected. All tissue specimens were carefully examined for gross lesions of tuberculosis in situ and when specimens were being prepared for histologic examination. The lung and liver from each animal were incised in situ at 1 -2 -cm intervals, and cut surfaces were examined for gross lesions before collection of samples for laboratory examination. Approximately 5-1 0-g samples were collected from the diaphragmatic lobes of the lung and from the diaphragmatic surface of the liver.
All tissue specimens were divided for evaluation by histologic examination and bacteriologic culturing. When gross lesions were present, the lesioned area was bisected and evaluated by both methods of laboratory examination. For histologic examination, a 5-1 0-mm cross sectional sample from the central region of each tissue was placed in a bottle containing buffered 1 0% formalin and processed using paraffin embedment. Five-micrometer sections were stained with hematoxylin and eosin and examined by light microscopy. If granulomatous lesions were observed, duplicate sections were stained by acridine orange-auramine O (AOAO). Results of histologic examination were considered positive if lesions characteristic of tuberculosis (granulomas with or without caseous necrosis and mineralization) and AOAO-fluorescent bacilli were present. S pecimens for bacteriologic culturing were placed in sterile plastic bags and frozen at -80 C for 6 wk before processing using previously described methods. 8 Results of bacteriologic culturing were considered positive if M. bovis was isolated. Cattle were classified as infected if results of either bacteriologic or histologic examination were positive.
Results
Fifteen cattle were classified as infected based on results of bacteriologic culturing or histologic examination. Of the 2 4 tissue specimens examined in each animal, evidence of tuberculosis was found by bacteriologic culturing, histologic examination, or macroscopic examination in 8 different tissues among the 1 5 infected cattle (Table 1 ) . Gross lesions of tuberculosis were observed in lymph nodes of the thoracic region (tracheobronchial and mediastinal) in 9 infected cattle (60%). In addition, gross lesions were observed in lymph nodes of the head (medial retropharyngeal and parotid) and other sites (subiliac) in 4 and 2 infected cattle, respectively. S even cattle (46.7%) had gross lesions in only one site. When results of bacteriologic culturing, histologic examination, and macroscopic examination were combined, evidence of tuberculosis was present in lymph nodes of the thoracic, head, and other sites in 1 3 (86.7%), 4 (2 6.7%), and 3 (2 0%) of the infected cattle, respectively. Fourteen (93 .3 %) of the infected cattle had evidence of tuberculosis in the tracheobronchial, mediastinal, or medial retropharyngeal lymph nodes when results of the 3 methods for examination were combined.
Macroscopically, the most common change seen in affected lymph nodes was the presence of circumscribed yellowish white lesions of various sizes and numbers. The involved tissue in these lesions was dry and gritty. Gross lesions in cows 5 and 1 5 (Table 1 ) were large, encapsulated abscesses that contained a thick greenish yellow exudate.
Histologically, granulomatous changes were observed only in the lymph nodes that had gross lesions. Most lesions were typical for bovine tuberculosis with granulomas that had central caseous necrosis and mineralization. 9 However, the exudate in the suppurative lesions (cows 5 and 1 5) contained only cell debris and neutrophils. The tonsil of cow 9 had numerous granulomas that were detected only by histologic examination. Although acid fast organisms were present in these lesions, there was no evidence of caseous necrosis or mineralization.
Mycobacterium bovis was isolated from the tracheobronchial lymph nodes of cows 1 and 1 2 and from the mediastinal lymph nodes of cow 1 1 . These cattle did not have any gross lesions of tuberculosis. In cow 5, the subiliac lymph node was the only tissue with gross and microscopic tuberculous lesions and from which M. bovis was isolated. Mycobacterium bovis was isolated from the lung of cow 8. However, there were no gross lesions of tuberculosis observed in the lungs of any of the cattle.
Results of the CFT and -IFN assay for the 1 5 infected cattle are presented in Table 1 . Although neither the IFN assay nor the CFT identified all infected cattle, interpretation of the tests in parallel, which meant classification of cattle as infected if either result was positive, resulted in identification of 1 4 of the 1 5 infected cattle.
Discussion
Results of this study indicate that not all cattle infected with M. bovis have gross lesions of tuberculosis that are visible in tissues examined at slaughter. Four of the 1 5 infected cattle in this study probably would not have been detected during routine slaughter surveillance. Mycobacterium bovis was isolated from 3 cattle that had neither gross nor microscopic lesions of tuberculosis. In addition, 1 cow had gross lesions only in the subiliac lymph node, which is not routinely incised and examined at slaughter. These results are consistent with findings of previous studies. 3, 4 In Australia, approximately 2 2 % more tuberculous cattle were detected following laboratory examination of tissue specimens than were detected by visual examination alone at slaughter. 4 S imilarly, in a study in Argentina M. bovis was isolated from tissues of 1 0 carcasses that had been condemned because of bovine tuberculosis and from 5 carcasses that had not been condemned. 5 In the present study, gross lesions of tuberculosis were found most frequently in lymph nodes of the thoracic region (60.0%) and lymph nodes of the head (2 6.7%). These results are similar to those reported in Australia, where 64% of lesions were found in the thoracic region. 7,1 0 Results of the present study indicate that tracheobronchial, mediastinal, and medial retropharyngeal lymph nodes are the lymph nodes most frequently affected, tuberculosis was detected in 1 4 of the 1 5 infected cattle by visual and laboratory examination of these 3 lymph nodes. These findings are consistent with those reported in Australia. 3,6,1 0 In the present study, there were no gross lesions of tuberculosis observed in the lungs; however, M. bovis was isolated from the lung of 1 animal. Previous reports indicate that lung lesions are detected in 1 0-1 7% of tuberculous cattle. 4, 6 The cattle used for this study originated from a herd with a high prevalence of bovine tuberculosis. 1 1 Although tuberculosis was confirmed in only 1 5 cattle in this study, the lack of lung lesions was unexpected considering the severity of tuberculosis in this herd and previous reports on the frequency of lung lesions in infected cattle.
Detection of tuberculous cattle by slaughter surveillance requires the presence of grossly visible lesions in sites that are routinely inspected. Results of this study indicate that most infected cattle with gross lesions can be detected by thorough examination of lymph nodes of the thoracic region and head. However, not all infected cattle develop visible lesions in sites that are examined. As prevalence of tuberculosis decreases, identification of the remaining infected cattle becomes progressively more difficult. In the final stages of the tuberculosis eradication program, it is important that all infected cattle and herds be identified. Although none of the currently available antemortem or postmortem diagnostic methods are capable of detecting all cattle infected with M. bovis, detection is improved when results of more than 1 test are used. 1 ,1 1 In addition, existing diagnostic methods are more effective when results are used to make decisions about entire herds or populations of cattle rather than individual animals. 1 .
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